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PLAIaETARY SPECTRA 

-VSSR- 

h o l l o w i n :  i s  the t r a n s l a t i o n  of  an a r t i c l e  
by V. G. Tegfe l ' ,  Academy of Sciences,  Kaz- 
akh SSR (Alma-Ata), i n  the Russian-lmmage 

.+ 

publ ica t ion  Priroda (Wature) , NO. 6,  E ~ ~ S C O W ,  
June 1961, pages 39-45] 

F o r  t he  time being the inves t iga t ionsof  the p lane ts  of  
our s o l a r  system are being made o n l y  f r o m  t5e ear th .  The 
p r i n c i p a l  methods f o r  t h i s  s tudy a re  v i s u a l ,  photographic and 
e lec t ronic- te lescopic  observations of the surfaces  of planets ,  
photometric measurements m d  measurement of the  co lo r  of t h e i r  
d i sks  and ind iv idua l  d e t a i l s ,  study of planetary spec t ra ,  de- 
t e r n i n a t i o n  of  t he  temperatures of p lane ts ,  and f i n a l l y ,  the 
inves t iga t ion  of the rad io  emission of p lane ts ,  which has been 
developing successfu l ly  i n  receEt years 

Spec tr os c oa i c Inve s t i  ga t i ons 
1 1  Lhe s tudy of  the l i g h t  reaching us  from c e l e s t i a l  bodies 

by uze of  p r i s m s  o r  diff ' raction gra t ings  i s  of maximum value 
i n  studying bodies which e m i t  l i g h t  themselves: the sun, 
stars and nebulae. The study of stellar spec t r a  makes I t  poss- 
i b l e  t o  ob ta in  the c h a r a c t e r i s t i c s  of t h e i r  temperature, d i -  
mensions, e t c . ,  and determine whether a s t a r  has an extended 
envelope, what the r a t e  of ex9ansion of t h i s  envelope i s  and 
what the chemical copposit ion o f  the outer  l aye r s  o f  the s tar  
is. I n  a c t u a l i t p ,  v i r t u a l l y  all the  basic  da t a  concerning 
s tars  i s  obtained using spec t r a l  analysis .  

The p o s r i b i l i t i e s  of ttle spectroscopic method are con- 
s ide rab ly  nore modes t  with reFpect t o  the planets. There i s  
no  i n t p i n s i c  r a d i a t i o n  i n  the op t i ca l  reg ion  of  a planetary 
s p e c t r m ;  we observe and can inves t iga te  only solar  l ight,  r e -  



fleeted by t're s o l i d  nuyface o r  atxospkeric layers o f  the 
?lanet .  The s p e c t r a l  p r o p e r t i e s  of the p lane t  are determined 
only by those changes which it introduces i n t o  the so la r  
spectrw,.  The pr inc ipa l  physical  c h a r a c t e r i s t i c s  of the plan- 
e t s  were determined without the a s s i s t ance  o f  s p e c t r a l  anal-  
y s i s ,  Kevertheiess,  the g rea t e r  p a r t  o f  the  most i n t e r e s t i n g  
d iscover ies  i n  the  a rea  of planetary physics ,  e s p e c i a l l y  i n  
t h e  l a s t  10-20 years ,  has been the  r e s u l t  of s p e c t r a l  observ- 
a t ions .  

Spectroscopic investigations of the p lane ts  have develop- 
ed i n  th ree  p r inc ipa l  d i rec t ions :  study of  t h e i r  r o t a t i o n  
on the  b a s i s  of the Dcppler s h i f t  [see note] of  l i n e s  i n  the 
spec t ra ,  photometric study of the continuous spectrum of plan- 
e t s  and search f o r  new l i n e s  and absorpt ion bands and study 
of a l ready known l i n e s  and bands. 

D l o t e :  The D o p p l e r  e f f e c t  i s  a change i n  t h e  frequency 
o f  r a d i a t i o n  of the source perceived by the observer w i t h  t h e  
approach and withdrawal of this source.y 

We now w i l l  d iscuss  i n  g rea t e r  d e t a i l  the r e s u l t s  of such 
inves t iga t ions .  

Carbon Dioxide and <dater Vapor i n  the Venusian Atmosphere 
[Note: See Pripoda (Nature) ,  1960, Ho. 10, pp. 10-11.1 

Bp t h e  use of s p e c t r a l  ana lys i s  it i s  possible  t o  deter- 
mine the  presence i n  atmospheres of the p lane ts  of those gas- 
e s  which i n  the  inves t iga ted  region of t he  spectrum give r ise 
t o  s u f f i c i e n t l y  s t rong  l i n e s  and absorpt ion bands. It is  t rue 
tha t  considerable d i f f i c u l t i e s  a r i s e  when we attempt t o  dis- 
cover gases which a re  present  i n  grea t  quant i ty  i n  the  e a r t h ' s  
atmosphere. Since for the  t h e  being astronomers are forced t o  
make observations of a l l  c e l e s t i a l  bodies through the  thick- 
ness  of our atmosphere, the  strong, so-called t e l l u r i c  absorp- 
t i o n  bands of the gases i n  the atmosphere, e spec ia l ly  oxygen 
and water vapor, i n  f a c t  screen the weaker l i n e s  and bands of 
these  same gases i n  the atmospheres of o the r  planets.  

Therefore,  u n t i l  recent ly ,  it has n o t  been possible  t o  
d e t e c t  the l l n e s  of oxygen a n d  water vapor  i n  the spec t ra  of 
Ears and Venus, the planets  r :os t  similar t o  the ear th .  But  
the  s i t u a t i o n  i s  d i f f e r e n t  with respec t  t o  other  regions of 
the spectruui, e spec ia l ly  the Tierared region. I n  1932 the Am- 
e r i c a n  astroncners  14. Adams and T. Dunham discovered s5rong 
a b s o r p t , i o n  bands i n  the spectrum of  'Jenus; these were i n  the 
i n f r a r e d  region (wavelengths f r o m  0.7 t o  2.0 ) o r  more. It 
was found t h a t  they belonged t o  carbon d i o x i &  gas (F ig .  1). 
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A q u a n t i t a t i v e  ana lys i s  of the  i n t e n s i t y  of  the bands revea l -  
ed t h a t  the GO2 content  i n  the Venusian atmosphere i s  approx- 
imately 100 times g r e a t e r  than i n  the  e a r t h ' s  atmosphere. L a t -  
e r ,  i n  1948, carkon dioxide was discovered by Kuiper i n  the 
Kart ian atmosphere i n  a quant i ty  exceeding by a f a c t o r  of 3 
i t s  content i n  the e a r t h ' s  atmosphere. 

I n  order  t o  a t t enua te  the  inf luence o f  the e a r t h ' s  atmo- 
sphere on the r e s u l t s  of as t rophys ica l  observat ions,  i n  r e -  
cen t  y e w s  s c i e n t i s t s  have begun t o  send astronomical i n s t r u -  
ments aloft by balloons t o  he ights  g r e a t e r  than 15 h. Under 
these condr t ions  the t e l l u r i c  l i n e s  i n  the spec t ra  of celes2;- 
i a l  bodies a re  l e s s  intense.  In 1959 i-?. R o s s  and C. IIoore 
(United S t a t e s ) ,  investigating t he  Venusian spectrum from an 
a l t i t u d e  of 27 kra, discoverez an enhancement o f  these  l i n e s  
of water vapor i n  coinparison with the spec t r a  of o ther  c e l e s t -  
i a l  bodies. Such enhancement can be caused by the presence o f  
water vapor l i n e s  i n  the Venusian spectrum. The inves t iga to r s  
concluded that the re  i s  l e s s  water vapor  i n  the upper l a y e r s  
of' t he  Venusian atmosphere, lying above i t s  cloud l a y e r ,  than 
i n  the  upper l a y e r s  of  the e a r t h ' s  atmosphere. If t h i s  i s  So, 
tne quan t i ty  of water vapor i n  the  lower l a y e r  of the Venus- 
i a n  atmosphere can be even g rea t e r  than  i n  the e a r t h ' s  atmo- 
sphere. The discovery of water vapor on Venus sheds l i g h t  al- 
s o  on the  na ture  of i t s  clouds, concerning which a wide range 
of' hypotheses has been developed, even a hypothesis t h a t  
these  clouds c o n s i s t  of solid p a r t i c l e s  of  formaldehyde ( CY20).  

P i g .  1. Absorption bands of C02 and t e l l u r i c  bands of water 
and oxygen i n  the spectrum of Venus. 
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In  1953 3 .  A .  Kozyrev found two absorpt ion bands belong- 
ing t o  some unknown molecule i n  the v i o l e t  p a r t  of the  Venus- 
i a n  spectrum a t  wavelengths L-120 and 4372 A. Subsequent ob- 
servat ions revealed t h a t  t h i s  molecule a l s o  i s  present i n  the 
e a r t h ' s  atmosphere. 

Auroras on Venus. 

Powerful f l uxes  of e l e c t r i c a l l y  charged p a r t i c l e s  -- cor- 
puscles -- emitted by a c t i v e  regions on the  sun encounter the 
p lane ts  along t h e i r  path. The magnetic f i e l d  of  the e a r t h  de- 
f l e c t s  and captures  the inc ident  corpuscular stream, whose 
p a r t i c l e s  with g r e a t  ve loc i ty  pene t ra te  the  upper l a y e r s  o f  
the e a r t h ' s  atmosphere, causing luminescence of the r a r i f i e d  
gases i n  these layers .  This luminescence i s  observed i n  the  
high l a t i t u d e s  i n  the f o r m  of auroras and everywhere as a 
weak emission detected f r o m  the presence of  b r i g h t  l i n e s  i n  
spec t r a  o f  the n ight  sky. 

Surrounded by a not  l e s s  dense atmosphere, Venus i s  s i t -  
uated almost 1~ times c l o s e r  t o  the  sun than the ea r th ,  and 
therefore  i s  sub jec t  t o  a considerably s t ronger  e f f e c t  from 
s o l a r  rad ia t ion .  It has been es tab l i shed  from the  def lec t ions  
of  corpuscular stream passing nea r  Venus t h a t  it has a mag- 
n e t i c  f i e l d  and i t s  s t r eng th  i s  f i v e  t h e s  g rea t e r  than the  
e a r t h '  s magnetic f i e l d .  U n d e r  such condi t ions the luminescence 
of t h e  upper l a y e r s  of i t s  atmosphere sl?ould be many times 
s t ronger  than  the  luminescence o f  the  e a r t h ' s  atyoephcre. 

I n  1953, '-. A .  Xozyrev, wh i l e  pliotopraphinc the spec t r a  
of  the n ight  s i d e  of Venus w i t h  the  50'' r e f l e c t o r  of the  C r i -  
mean Astrophysical Observatory, discovered f o r  the f i r s t  t b e  
weak emission bands, noticeable on a spectrogram, a t  the  l h b  
of  the n ight  s i d e  of the planetary disk.  H e  i d e n t i f i e d  these  
emission bands wi th  the bands o f  n i t rogen  emiss ion  observed 
i n  the spec t r a  o f  t e r r e s t r i a l  auroras.  

Newkirk, who a l s o  discovered ind ica t ions  of  emission in  cer -  
t a i n  p a r t s  of the spectrum of the unilluminated p a r t  of 'Jen- 
US. A number of the emission Sands which he coted coincided 
i n  p o s i t i o n  wi th  those found by I?. A .  Kzzypev. The i n t e n s i t y  
of t h e  r a d i a t i o n  bands, according t o  the computations Yade by 
these i n v e s t i c a t o r s ,  i s  evidence tha t  the luninescence of the 
Venusian n ight  sQ i s  n o r e  intense by a f a c t o r  o f  50-80 than 
the luniinescence of the e a r t h ' s  n i g h t  sk3. 

Similar observations were made i n  195& by t h e  astronomer 

IS There Vegetation on Liars? 
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The r e s u l t s  of s p e c t r a l  okservstions of dark regions on  
:-Cars have long been comidered an argument aga ins t ,  r a t h e r  
thaq i n  ?up??ort of  the hypothesis t h a t  these regions a re  cov- 
ered by vese ta t ion ,  s ince the comparison of t h e i r  spec t ra  
with the spec t r a  of t e r r e s t r i a l  p l an t s  revealed no s i m i l a r i t y .  

presence of the absorpt ion band of  chlorophyl l  i n  the spectrum 
a t  wavelengths from 6000 t o  7000 A and a sharp increase i n  
br ightness  i n  the  in f r a red  p w t  of the spectrum. However, i n  
the spec t r a  of I Iar t ian dark regions these e f f e c t s  are absent.  
Rowever, i n  the s t u d i e s  made by G. A .  Tikhov, head of the  
Astrobotany Sec t ion  of the Academy of Sciences of the Kazakh 
SSR, and h i s  colleagues it has been shown t h a t  under the a r i d  
c l imat ic  condi t ions of Mars p l a n t s  can absorb in f r a red  rays 
and t he  chlorophyl l  band broadens, becoming l e s s  noticeable.  
I n  a c t u a l i t y ,  similar phenomena a r e  observed i n  the s p e c t r a  
of t e r r e s t r i a l  p l a n t s  under low-temperature conditions.  

In tLG;e case of +---.--+~:-1 uuL I G i J  u- IaI plaii ts  there  i s  a c h a r a c t e r i s t i c  

New da ta  aupporting the  hypothesis of  the exis tence of  
ve;Setation on !-Tars w a s  obtained r e c e n t l y  by observations i n  
the f a r  in f r a red  region of the  spectrum. I n  1956 t he  American 
astronomer t?. Sinton  a t  Harvard Observatory s tudied  the in -  
t eg ra t ed  l i g h t  of I?lars, and i n  1958 w i t h  the more modern ap-  
para tus  of  the 200n r e f l e c t o r  a t  the Wou.nt Pa lomar  Observatory 
he inves t iga ted  the  dark and l i g h t  regions of  FIars. In  the 
spec t ra  of the dark regions he found three  absorpt ion bands a t  
wavelengths 3.43, 3.56 and 3.67 , absent i n  the  spec t ra  of' 
b r i g h t  regions and the sun (Fig.?2). The f i r s t  t w o  bands a r e  
seen c l e a r l y  i n  spec t ra  of l i chens  of  the penus Phvscia and 
the  algae Cladophora, shown i n  the same f igure .  S in ton  a l s o  
r'emonstrated t h a t  the  absorption bands of an oriyanic molecule 
cannot appear i n  the Martian atmosphere. Thus, a t  present  
s p e c t r d  observations ind ica te  tha t  there  - i s  vegetat ion i n  
the  dark regions of I?ars. 

Rydrogen and i t s  Compounds i n  the Atmospheres of the  G i a n t  
P lane ts .  

Tne g i an t  planets  of the so l a r  system -- J u p i t e r ,  Saturn,  
Cranus srnd Keptune -- have riucli i n  conxon wi th  one another,  
n o t  only wi th  respec t  t o  s i z e ,  bu t  a l s o  i n  the chemical compo- 
s i t i o n  of t he i r  atmospheres. Their p-tra have c l e a r l y  def in-  
ed absorpt ion bands of methane ( C S j  ) ,  which were observed by 
Suggins (United S t a t e s ) ,  using a v'fsual spectroscope i n  ob- 
se rv ing  Uranus, a t  the e a r l y  s tages  i n  such planetary observ- 
a t i o n s ,  These bands a re  the s t ronges t  i n  the spec t ra  of Uran- 
us and ZTeptune (FIG. 3) .  The presence of methane bands i n  both 
the  in f r a red  and v i s i b l e  pa r t s  of  the spectrum ind ica t e s  a 
very high content of  t h i s  gas i n  t h e  atmospheres of the g i an t  



planets .  i n  labora tory  inves t iga t ions  it i s  customary t o  E%- 
serve only the  in f r a red  absDrption bands o f  methane, s i t u a t e d  
near the p r i n c i p a l  o s c i l l a t i o n  frequencies  of the CHL, mole- 
cule.  

still another hydrogen c m p o u n d  -- m o n i a  ( I k T  ) ;  they a r e  

J o v i a n  spectrum and disap?ear  i n  the  spec t r a  of  the inore d i s -  
t a n t  p lane ts  -- Uranus and Eeptune. 

I n  the spec t r a  of Japiter and Saturn theye m e  bands o f  

considerably weaker i n  the  spectm-n of Sa turn  2 han i n  the 

region 343 3.56 

Fig .  2. Absorption bands of' a x  organic rcolecule i n  the  spec- 
trum of l i chens  and algae.  The dashed l i n e s  on the represent-  
ations of Mars o u t l i n e  the  inves t iga ted  zones of  the planet .  

It  i s  found t h a t  t he  m o s t  i m p o r t a n t  f a c t o r  here  i s  the  l o w e r  
temperature of  t he  planets  which a r e  distallt f r o m  the sun. 
Thus, whereas i n  the atvospheres of Zupiter and Saturn a ce r -  
t a i n  quan t i ty  of m o n i a  can be Ir, a gaseous s t a t e  (t:?is gas 
can be formed by the  sublimation of axqonia c r y s t a l s  suspend- 
ed i n  the  atmosphere), i n  the  atnospheres of  Urznus and I<ep- 

How can such a difference in the spec t ra  be explained? 
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tune a l l  the 9-nlnonia i n  a s o l i d  s ta te  s e t t l e d  onto the su r f -  
ace of the planet .  

C H 4  bands 
Fig. 3. Spectrogram of Uranus, obtained a t  the oSservatory of  
the  Astrobotany Sectloll,  Acaieny o f  Sciences,  Kaza& SSR. 

3epeate2 inTest igat ions hzve been made of the methane 
bands i n  diff 'erent parts or" the Jovian disk. It can be assm- 
ed t h a t  w i t h  approach t o  the  1hib the  i n t e n s i t y  of  the meth- 
ane bands should increase,  since the  dis tance passed by the  
l ine of s igh t  i n  the atmosphere increases  toward the planet-  
a?y limb. However, observations made by S. Hess (United S t a t e s )  
and N. T. Bobrovnikov, I). I. Yeropkin and the author of t h i s  
a r t i c l e  show that  there i s  no such increase.  Eess and Squires  
have attempted t o  explain this  phenomenon. E e s s  assumes that  
as a r e s u l t  of a decrease o f  the temperatures of  the eastern 
and western l i d o f  J u p i t e r  i n  coaparison w i t h  the center  of 
the p l ane t  the cloud l a y e r  i s  higher a t  the limb than near  
the center .  ZDwever, Squires  pointed ctut t h a t  t h i s  hypothesis 
does no t  agree w i t h  the  temperature regime o r  J u p i t e r  and ad- 
vanced a d i f f e r e n t  hypothesis.  Eie assumes t h a t  the  cloud lay-  
er of Jupi te r  does no t  have an even upper boundar?, but con- 
s i s t s  of' cumulus clouds whose  t o p s  r i s e  t o  seve ra l  kilometers 
above the main cloud deck. 

7- iiDweVer, both these hypotheses assume t ha t  the absorp- 
t i o n  bands of methane a r i s e  during the  passage of' l i p h t  
through a purely gaseous layer.  Theore t ica l  conputations re- 
veal ,  however, t ha t  methane bands w i l l  be observed even i n  a 
case when methane i s  present  o n l y  with in  the cloud l aye r  and 
the  i n t e n s i t y  of' the  bands should decrease toward  tke l i m b .  
However, if a .nurely gaseous layer  i s  s i t u a t e d  over an even 
cloud l aye r ,  in t h e  case of e p a r t i c u l a r  thickness  of the  l a t t -  
e r  t h e  increase of absorpt ion wi th in  the  l a y e r  toward the limb 
can congensate the decrease of i n t e n s i t y  of t he  methane bands 
s o  t h a t - t h e  t o t a l  i n t e n s i t y  of the bands w i l l  remain v i r t u a l -  
l y  unchanged. 

in t h e  at!yospheres of the g i a n t  p lane ts  i nd ica t e s  indirectly 
t h a t  they contain f r e e  molecular h;Tdrogen, wh ich ,  IioPJever, 

The presence of a l a r g e  quznt i tg  of hydrogen compounds 
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was not  discovered spectroscopical ly  u n t i l  Yecently. Saref'ul 
inves t iga t ions  o f  the spec t ra  o f  the S i m t  planets  l e d  t o  
the discovery bp Ci. Kuiper ( 'Jnited S t s t e s )  of a weak washed- 
out band with a wavelength o f  8270 A i_n_ the spec t r a  of Uranus 
S ~ X I  Keptum. The P-mrLcan p h g s i c i P t - s ? e c t r o s c o ~ i s ~  E, Hertz-  
berg made labora tory  inves t iga t ions  o f  the absorp t ion  s,pec- 
truq of molecular hydrogen. I n  t h i s  stud;. he inves t iga t ed  the 
spectrum of  hydrogen which w a s  under a pressure o f  100 atno- 
spheres i n  a tube with the  equivalent  length  of an o p t i c a l  
path 80 m :in length  (see note]. R e  discovered th ree  washed- 
out  Sands, of  which o m  was very c lose  t o  th8.t round by Xuip- 
cr.  l l though hydrcgen i n  the spectra  of  tks $Znt planets  
Goes n o t  Five rise t o  s t rong  bands, f rom t h e o r e t i c a l  consid- 
m a t i o n s  i t  should play a predoninant r o l e  Ln the atriospheres 
of  these  planets.  

(i:ote: I n  t h i s  case the equivalent length  of the o p t i c a l  
p t h  i s  equal t o  t he  path. vhich a l i s h t  ray iaould t r a v e l  i n  
the e a r t h ' s  ztxosphere a t  noma1 pressure i n  o r d e r  t o  exper- 
i e m e  the stme ehsorpt ion as i n  the above-mentioned experIment.1 

In  1957 a de t a i l ed  inves t iga t ion  was r2ade a t  the observ- 
a t o r y  on lulauna Loa i n  Eawai i  t o  detemirze the s t iwcture  o f  
the nethane and ammonia bands and stronz absorpt ion was d i s -  
covered i n  the  Jovian spectrur? a t  wavelengtLhs o f  l e s s  than 
1:200 A. These bands, i n  the gpinion of' the American research- 
e r s  7:iss and C o r l i s  who discovered them, a r e  caused possibly 
by the  presence of  the 1~204 molecule i n  the Jovian aimosphere. 
Rut what i s  most  i lr?ortant i s  t h a t  these  inveztigatoi2s were 
able  t o  de t ec t  a band of r ~ o l e c u l s r  hydrogen i n  the Jovian 
s pe c t rum. 

According t o  t he  well-known Doppler-Fizeau p r inc ip l e ,  
whose experimental  checking f o r  l i g h t  w a s  accomplished by A.A. 
Lelopol 'skiy,  i n  the spectrum of 8 moving l i g h t  source a l l  
the l i n e s  a re  s h i f t e d  toward the v i o l e t  end if t h e  source i s  
novfna toward the observer and toward the  red end If t he  
source  i s  withdrawhg from the observer. Xhen the spectro- 
graph slit i s  or ien ted  along t5e equator o f  2 r z p i d l y  moving 
p l ane t  all the l i n e s  i n  tlze scectrum will have an appreciable 
j n c l i n a t i o n ,  s ince one l i m b  of the p lane t  i s  ap?roaching us 
and t h e  3 ther  i s  withdrawing. The s p e c t r a l  l i n e s  a r e  d i s -  
placed proport ional  t o  the v e l o c i t r  of approach and withdrawal 
c f  each p o i n t  of the p l a n e t ' s  equator. 

Sy means of t h i s  method A .  A .  Belopol 'skiy and the Amer- 



icarl astronomer IleelSr i n  le95 demonstrated the meteoric 
s t ruct i l re  of the r i n g  around. Saturn. If each of  the systems 
o f  r i ngs  o f  Saturn 'WES continuous, the outer  edges of  the 
r i n g  would have a g r e a t e r  l i n e a r  v e l o c i t y  than the  inner 
rings. The inclination of  t'kc l h e s  i n  the spectrrm nf the 
r i n g  would coincide with the i n c l i n a t i o n  of  the l i n e s  of the  
planetary disk,  But i n  a c t u a l i t y  the opposite p i c t u r e  is  ob- 
served -- t h e  s h i f t  of  the l i n e s  i n  the i m e r  pa r t s  o f  the 
r i n g  i s  g r e a t e r  than I n  the  o u t e r  ? a r t s ,  which corresponds t o  
a decrease i n  the  linear veloc i ty  of r o t a t i o n  of the  r i n g  
w i t h  increasing dis tance from the p lane t  (Fig.  4). The l a t t e r  
f a c t  i nd ica t e s  t h a t  t he  r f n g  of Sa turn  cannot be continuous, 
but  i n s t ead  c o n s i s t s  of a la rge  number o f  ind iv idua l  pa r -  
t i c l e s ,  each of which follows i t s  path around the p l a n e t  i n  
conf'ormity t o  the  laws of' c e l e s t i a l  bodies. 

Spectrqgraph 

Fig. 4. S h i f t  of l i n e s  i n  the  spectrum of the d i sk  and r i n g  
of Saturn.  In  the l e f t  p a r t  of t h e  r i n g  the  l i n e s  a re  d i s -  
placed toward tne violet, and i n  t h e  r i g h t  p a r t  -- toward 
the r ed  end of the spectrum, The maxhum shi f t  I s  observed 
near t h e  inner p a r t s  of t he  ring. 

Color of the Lunar Surface. 

Among the varied Lnvesti-gations of the lunar surface the 
s tudy of t h e  c o l o r  p roper t ies  of i t s  formations a re  o f  more 
than a l i t t l e  i n t e r e s t .  On the bas i s  of the  changes introduc- 
ed  by parts of the lunar  surface i n t o  the  s?ectrum and br ight-  
ness of the solar rays inc ident  upon them it  i s  possible  t o  
form an opinion concerning the proper t ies  of t he  rocks  Faking 
up t h e  l u n a r  r e l i e f .  
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C o l o r  gradat ions on  t he  moon a r e  d is t inguished  v i s u a l l y  

only w i t h  g rea t  d i f f i c u l t y ,  arid then only bp experlenced ob- 
servers.  Instrumental  determinations o f  the co lo r  of l una r  
d e t a i l s  long yielded contradictory r e s u l t s .  This l e d  t o  a d i s -  
cussion Over the Terns concerning the  exis tence and magnitude 
of  co lor  d i f fe rences  on the lunar  surface.  The d iscuss ion  of 
t h i s  problem is by no means scholas t ic ,  s ince the co lo r  prop- 
e r t i e s  o f  the lunar  surrace depend on the s t a t e  of i t s  outer  
layey, which contiriuously i s  subject  t o  ex te rna l  ixf'luences : 
exposure t o  cosmic r a d i a t i o n  and u l t r a v i o l e t  rags, bombard- 
ment by x e t e o r i t e s  and micrometeorites. The luna r  c r u s t  ex- 
periences considerable changes i n  the  process o f  t ec ton ic  
development. GTnsequentlp, by determining the  d e p e e  o f  co lo r  
d i f fe rences  on the lunar sur face  we can judge the  getrograph- 
i c  s t a t e  of l una r  rocks and t h e  s t a t e  of  the  sur face  layer of  
t he  mm. 

Colorimetric and spec t r o p h o  t Gme tr i c  observations o f  the 
lunar  surface a re  being made a t  the  present  time a t  a number 
of  S Q v i e t  observator ies :  N. P. aarabashov, V. I. Vezerskig 
and V. A .  Fedorets a t  Khar 'kov,  V. V. Sharonov a t  Leningrad, 
A. IT. Sergeyeva at  Hiev, T. A .  Polozhentseva a t  Pulkovo and 
the author  a t  Alma-Ata. This w o r k  i s  lead ing  t o  q u i t e  def in-  
i t e  resu$ts :  cblor  d i f fe rences  a c t u a l l y  e x i s t  on the noon, 
although incomparably smaller than the  co lor  d i f fe rences  of 
t e r r e s t r i a l  rocks and meteori tes ,  T h i s  can be seen, f o r  ex- 
arrple, f'rom Fig. 5, which gives the s p e c t r a l  curves o f  the  
two l u n a r  d e t a i l s  d i f f e r i n g  m o s t  sharply i n  co lo r  and two  
sto3F meteori tes .  Spectrographic inves t iga t ions  make it poss-  
i b l e  t o  pos tu l a t e  t h a t  even lunar rocks not subjected t o  ex- 
t e r n a l  influences a r e  l e s s  varied i n  t h e i r  s p e c t r a l  p r o p e r t -  
i e s  than t e r r e s t r i a l .  ac id i c  rocks of  t?e g ran i t e  type and bas- 
i c  rocks of the b a s a l t  type. 

S t i l l  another pecu l i a r i t y  i s  c h a r a c t e r i s t i c  o f  the lun- 
ar  surface -- i t s  b r i g h t e r  d e t a i l s  a l s o  a r e  more reddish and 
the re  i s  a proport ional  r e l a t ionsh ip  between t h e i r  color and 
the r e l z t i v e  br ightness  of the  detai ls .  The e n t i r e  moon is 
reddish a s  a whole i n  comparrison with the sun, t ha t  is, a 
comparison of the s p e c t r a l  curves derived from moonlight and 
the sun revea ls  tha t  the brightness i n  lunar  spec t r a  i s  in-  
creased w i t h  a t r a n s i t i o n  from shor t  t o  long waves. 

The sun's rays are  polarize6 upon r e r l e c t i o n  from t he  
l u n a r  surface.  The m a x i m u m  polar iza t ion  is  observed when the 
m o m  i s  In the f i r s t  and l a s t  quarters .  Spec t r a l  observations 
have made it possible  t o  e s t a b l i s h  tha t  the degree of p o l a r -  
i z a t i o n  of lunar  d e t a i l s  changes somewhat w i t h  wavelength, 
increcising toward  the blue end of  the spectruq. This phenom- 
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enon i s  e a s i l y  a t t r i b u t a b l e  t o  tne''Y. A. Umov e f f e c t "  
t k e  dependence o f  the  degree of po la r i za t ion  on the br ight-  
ness of the  surface s c a t t e r i n g  l i g h t  a t  d i f f e r e n t  wave- 
lengths.  I n  those rays  which are absorbed more s t rongly  by 
the sur face ,  t h e  degree of po la r i za t ion  of the  l i g h t  s c a t t -  
ered by the  surface w i l l  be m a x i m u m .  Rowever, the  rays 
which a r e  r e f l e c t e d  more i n t ens ive ly  by the sur face  ( they  
determine i t s  apgarent co lo r )  w i l l  have a lesser degree of  
po lar iza t ion .  The lunar  surface absorbs blue rays  more 
s t rongly,  as indicated by i t s  reddish co lor ,  t h a t  i s ,  i t  i s  
i n  t h e  blue rays  tha t  the degree o f  po la r i za t ion  of the sun- 
l i g h t  r e f l e c t e d  by the m o m  should be maximum. The spec t r a l -  
p o l a r i z a t i o n  proper t ies  of lunar f e a t u r e s  can be d i f f e r e n t .  
For  the time being t h e i r  i nves t iga t ion  i s  only beginning 
and t h i s  inves t iga t ion  undoubtedly will be use fu l  f o r  c l a r -  
i f y i r g  the composition of lunar  rocks.  

-- 

I 1 1 - 1  I I I I I I I 1 I I I I I I I I , b & l ~ j  
400 450 soa 550 

Fig. 5'. Iilaxinum di f fe rences  in  the s p e c t r a l  r e f l e c t i v i t y  
of p a r t s  of the  lunar  surface (1 and 2)  and stony meteor- 
i t e s  ( 3  and 4.). 
Luminescence of  the Lunar Surface,  

A t  tine t i m e  o f  l una r  ec l ipses  m a n y  observers have not- 
ed t h a t  izldividual d e t a i l s  of the luna r  sur face  plur,ged in-  
t o  the  e a r t h ' s  shadow appear somewhat b r igh te r  than the  
surrounding background i n  comparison w i t h  the t h e  before 
the ec l ip se .  The Czech astronomer 3. L i n k  has a t t r i b u t e d  
t h i s  ?henomenon t o  the f a c t  t h a t  c e r t a i n  par t s  of the moon 
becoroe luminescent snder  the influence of solar u l t r a v i o l e t  

11 
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r ad ia t ion .  

Once again, it was possible t o  use s p e c t r a l  observa- 
t i ons ,  i n  t h i s  case t o  confirm the exis tence o f  lumin- 
escence of the lunz r  surface.  B. -1. iLozyrev i n  the USSR zrld 
J. DubDis i n  France have used the following method f o r  t h i s  
purpose. The spectrum of  the moon, i l l u n i n a t e d  by the sun ' s  
rays, contains a l l  the Fraunhofer l i n e s  of the s o l a r  spec- 
trm. If the re  a re  bands of luminescence -- bands of lumin- 
escence of the 11.1nsr surface i t s e l f  -- i n  any region of the  
spectrwn, t he  p r o f i l e s  of' t:ie Zraumhofer Ifms In t h i s  r e -  
u ..ion w i l l  be d i s t o r t e d  somewhat m d  t h e i r  dent11 w i l l  de- 
crease. 

-c 

T h e  i n v e s t i s a t i o n  In the  spec t r a  of a number of l una r  
details of the  p r o f i l e s  of the s t ronges t  l i n e s  -- H and IC -- belonging t o  the i o n i z e d  calcium of the  solar atmosphere, 

A. Xozyrev t o  d e t e c t  liirninescence of 
the v i s i b l e  lunar surface -- the 
i s ,  on the  basis of the profiles of 
on of i n t e n s i t y  in t he  contfnuous 

spectrum, €ound b d l c a t i o n s  of luminescence bands for many 
c r a t e  sectors of l u n a r  p la ins .  The br ightness  excess,  
cause 
3y n e m s  oR-perirnents he found tha t  the detec-  
t i o n  of l u ~ i n e s c e n c e  requi res  t ? e  presence i n  the  ou te r  lay- 
e r  of  the  luna r  sTmface of or i l g  1% of  the luminescent m a t t -  
e ~ .  For  Yne time being these  data a r e  of a prel ininapp char- 
a c t e r  and r equ i r e  checking by f u r t h e r  observations. With re-  
spec t  t o  Aris tarchus crater ,  a whole s e r i e s  of p e c u l i a r i t i e s  
of that  f e a t u r e  make it possible t o  a s s w e  t h a t  we observe 
m a t t e r  i n  this c r a t e r  which is  appreciably d i f f e r e n t  from 
the surrounding lunar surface. T h i s  i s  ind ica ted  by t he  
groat tr-ightness of the c r a t e r ,  i t s  luminescence and the  
au tho r ' s  r ecen t  discovery of a devia t ion  f r o m  the  ordinztry 
dependence between co lor  and br ightness  which i s  s z t i s r i e d  
bp a l l  other  par ts  i n  t h i s  region o f  the  moon. 

3:. A. Kozyrev be l ieves  that  the  luminescence o f  lunar  
d e t a i l s  can be caused not m l y  and not  s o  much by s o l a r  u l -  
t r a v i o l e t  r a d i a t i o n  as by solar corpuscular streams. In  
1958 2. A. I'iozyrev and V. Y. Yezerskiy discovered by means 
of  s p e c t r a l  observations tha t  gases a re  emanating f rom the  
c e n t r a l  p a r t  of the c r a t e r  Alphonsus. 

fnescence, according t o  Dubois attains 2O$. 
~ ~-~ ~~- ~~~ 

A l l  these f a c t s  show t h a t  the m o m  is today an extens- 
i ve  f i e l d  f o r  s p e c t r a l  inves t iga t ions .  
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Flg. 6. Curve o f  the d i s t r i b u t i o n  of i n t e n s i t y  
truii of Vesta i n  r e l a t i o n  t o  the  spec t rum of a 
s p e c t r a l  c l a s s  c lose  t o  the sun. 

Spect ra  of t he  Minor P l a n e t s ,  

The m i n o r  planets ( a s t e r o i d s )  are amona the 

i n  the spec- 
s tar  of a 

bodies of 
t h e  sofar s p h i  which have been s tud ied  least w i t h  respect 
t o  t h e i r  spectral  propert ies .  O f  the more than 1,600 present- 
l y  known as t e ro ids  only 15 of the b r i g h t e s t  minor planets 
have been subjected t o  s p e c t r a l  inves t iga t ion .  

3T. T. Bobrov~fSZ~v,-wr-t;be- basis-of microphotograms of the 
spectea of 12  minor p l a n e t s ,  has es tab l i shed:  -a]-th53e-celes-- 
t i a l  bodies have no t r a c e  o f  gaseous envelopes 
d i f f e rences  i n  s p e c t r a l  r e f l e c t i v i t y  of the  minor p lane ts  a r e  
r e l a t i v e l y  grea t .  I n  the  case of  c e r t a i n  a s t e r o i d s  the  blue 
p a r t  of the spectrum i s  very weak; for o the r s  the  r e f l e c t i o n  
of s u n l i g h t  is almost neut ra l ,  B e s t  of  all, i nves t iga t ions  
were made of the s p e c t r a l  p roper t ies  o f  the a s t e r o i d  Vesta, 
although completely inadequately. A. 3 .  Degch a t  Fulkovo ob- 
t a ined  8 spectrogram of Vesta from which he deternined t h a t  
the v i o l e t  p a r t  of i t s  spectrum a c t u a l l y  i s  a t tenuated  i n  c m -  
par i so lz  wi th  the spec t r a  of stars of the sun type. The obser- 
va t ions  o f  Bobrovnlkov, Johnson and the author  apparent ly  in- 
d i c a t e  per iodic  clhanges of the co lo r  of Vesta,  agreeing wi th  
the  p e r i o d  of  t h e  changes of i t s  br ightness  determined by 
Gruiiewald and icuiper. 

and b )  the 

I n t e n s i t y  also decreases I n  the  red p a r t  of the  spectrum 
of Vesta (Fig.  6 ) .  Colorimetric observations of  the minor 
p l ane t s  have shown t h a t  t h e i r  co lo r  i s  extremely varied.  T h i s  
f a c t  i s  of  considerable i n t e r e s t  f o r  so lu t ion  of the problem 
of' t he  o r i g i n  of a s t e ro ids ,  Spec t ra l  observations o f  the  min- 
o r  p lane ts  f o r  the t h e  being confirm color imetr ic  data and 
shou ld  be continued f o r  the purpose of  accumulating informa- 
t i o n  on the  r e f l e c t i v i t y  of a s t e ro ids  i n  d i f f e r e n t  parts of 
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t he  spectrum. 

We have considered b r i e f l y  only an i n s i g n i f i c a n t  p a r t  
of the  r e s u l t s  of s tudy o f  t h e  plane ts  obtained using the 
s n e c t r a l  method o f  inves t iga t ion .  In  p lane tary  astronomy 
the re  are many more problems whose s o l u t i o n  i s  possible  only 
with the a id  of s p e c t r a l  observations. In  the  near f u t u r e  
our c o u n t q  w i l l  have powerful te lescopes equipped wi th  spec- 
t r a l  apparatus. Observations with these instmments  w i l l  r e -  
sul’, i n  considerable advancement of  our howledge concerning 
physical  conditioris on t he  p l m e t s .  P a r t i c u l z r l y  broad poss-  
i b i l i t i e s  w i l l  be a f f o r d e d  inves t iga to r s  of  the p lane ts  by 
the e s  tab l i s iment  o f  astronomical observator ies  on the  moon 
and a r t i f i c i a l  e a r t h  s a t e l l i t e s .  Carr ied beyond the limits 
of  t he  e a r t h ’ s  atmosphere, te lescopes and spectrographs w i l l  
make i t  possible  t o  de t ec t  i n  the atmospheres of o ther  p l a n -  
ets even small q u a n t i t i e s  of those gases whose presence on 
the planets ol” the s o l a r  system f o r  the t h e  being remains hy- 
pothetical. 

-3BTD- 
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